Abstract. Growing concern about the decline of amphibian populations has highlighted the need to assess the potential impact of agriculturalchemicals on these animals. Although the relative sensitivity of amphibians to the toxic effects of pesticides and other environmental contaminants has yet to be established, the perceived vulnerability of amphibians to pesticide effects may actually be attributable to their speci c habitat requirements. Shallow temporary ponds, essential to the life cycles of many amphibians, are also areas where pollutants may accumulate without substantial dilution. Research in Western Australia has highlighted the potential risk that agricultural chemicals may pose to fauna that inhabit low dilution environments, and indicates that the data currently required for pre-registration assessment of pesticides may be inadequate to effectively protect these environments.
Introduction
Amphibians are often identi ed as a group of organisms that are particularly sensitive to environmental pollutants because their dual life cycles and permeable skins provide more opportunities for exposure and more modes of exposure to contaminants than other vertebrates. A limited number of toxicological studies have attempted to evaluate the sensitivity of amphibians relative to other aquatic species (Holcombe et al., 1987; Deyoung et al., 1996; McCrary and Heagler, 1997) , although no consistent differences in susceptibility are apparent. This is not surprising because the response of an organism to a chemical contaminant is a function of both biotic and abiotic factors. Indeed, any attempt to identify the most sensitive species or group of organisms, may be unrealistic. The concept of the "most sensitive species" is awed because species sensitivity can vary markedly depending on factors such as type of contaminant, age and nutritional status, and reproductive state of the organism (Cairns, 1986) .
The speci c habitat requirements of amphibians, however, may confer upon them a greater vulnerability to the toxic effects of environmental contaminants than other taxonomic groups, even though their relative sensitivities in an acute or chronic toxicity test may be similar. Many amphibians live and breed in ephemerally wet areas that are inundated for only short periods of time. Such environments may be contaminated by spray drift (Lahr, 1997) or direct application of pesticide for the control of aquatic macrophytes (Gardner and Grue, 1996) . The lentic nature of such habitats may present pollutants at much higher concentrations, and for longer periods of time than would be experienced by sh and other species in open or lotic water bodies.
About half of the more than 200 species of Australian frogs are dependent on ephemeral or lentic water bodies for the completion of their life cycles (Cogger, 1992) . Furthermore, some species, such as members of the genera Heleioporus, Neobatrachus and Limnodynastes, are burrowing species which spend much of their adult lives beneath the soil surface. They live at the margin between wet and dry habitats, and may be adversely affected by the application or accumulation of contaminants along the margins of water bodies.
Agricultural pesticides are a large and chemically diverse group of compounds, which are a widespread source of water contamination. Although successive generations of agricultural pesticides have become less persistent in the environment, and in some instances, more selective for their target species, the toxicological information available for non-target species, including amphibians, is far from adequate (for review see Hall and Henry, 1992; Boyer and Grue, 1995) . Furthermore, most pesticides usually incorporate several other chemicals, including organic solvents, adjuvants or surfactants, which do not share the target speci city of the active ingredient. Such chemicals are seldom listed on product labels, and material safety data sheets will often refer to them collectively as "inert" ingredients. However, some of these additives may be more toxic than the active constituent by virtue of their non-selective toxicity. Several studies have noted a large discrepancy between the toxicity of active ingredients and product formulations, indicating that formulation additives signi cantly increase the toxicity of the formulation (Mayer and Ellersieck, 1986; Linder et al., 1990; Schuytema et al., 1995; Swann et al., 1996) .
The potential hazards associated with inert ingredients, was highlighted by research in Western Australia (Bidwell and Gorrie, 1995; Mann and Bidwell, 1999a , 2000 , 2001 . The toxicity of glyphosate-based herbicides and commercial surfactants (used as wetting and dispersal agents in spray tank mixtures) to Australian frogs was investigated for the rst time. This research is summarized here to highlight the potential hazards posed by agricultural products which otherwise have previously been considered as environmentally benign, or for which current application safety margins may be inadequate.
